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EISIAI -SEUM ™SAIol2, Zf SSA|2| §*J QI0IEMHI 2|5B gtJ- 2J g=g ^SSHAI 




5S157HgS §22-615402011 7IXHS l^g lr«hS2J S3«£f2| iU2AH(^e| ££^ tiim *, 
SfS *SS 5)01 ¥*r£! 01 MS) flxiu 371 01 21 0fl 3 01301 E|gAls2| Sr3§2| CHi= *WB 

?7i?!2! -^All S3*fe g^SAlSSIOll OS eaift* 3f= All 7H12 




01 

*- f 4SoHJ£ 

£3 3-='D. a^, tfa-aoiniai sit a hit ^ a?i ?un iiatf a«a#aE& sjche ^ef 
si MOisa tiHCHi wasife aav 4 a= asoio. a. aoinisuisi itmss aim 

Al= SWIEf a&woiHS SllOlitlsafll^S S2;i SiQ. £E*h 01 23711=011 gatf A|7^ ^CHE 
§1-^21 irSAITJ- OILHOU Dm $ SiM §E2| BAI^OIAI SI23 3^!Q. E, 8||0|EI3LHg3E21- SAI 
Oil 9tt°l 3^21 ±!gla 9|«| 7H7H2J I£J2J *EHM ^ as 201 blg^oKIK 

01-221 sal swn& mmm* nm^m a n mm xnseis s wssi mil o, Q 

US 2| 7HAI 

S =22| 7-S2J tfAINS OISKHI §7|*H3. 

a JAIOJ Bsfe If a. 2f2t2| nj32| AlSOi £A|Br£ 4=3. iAHfg AIS01I CHott ?Ah*fe ?3 
S=r A|g§ 2AHHHI CHoH ?A|*fe 4=3, 3 ?A^|x|g HLIEISf^ A|gi3 ££S LH^2I §*!• 

BSofc. a« ra iifss ns2i imssi #&®&s.a±ms\?\ii±m a toss d^sks & 
□aii^ohai Mission. 7istftt& -a &7i saaias-i&S2i sisaoiaci aaabi^ iV« a 

21 it^lT&E^ ^&0IS(g&AH]|Z2h ir&SSE» gVAiHi^ig. oil is m.V es = 1 
Sf*|2| SEI3, E3K)|CH4»5. 19753 pp.902 - 971 S Peter Chylek 751, Journal Optical SocieTy Of 
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America fl|67| pp.561 ~5630fl 71X1301 2!= Oli g)» AhgSBAi SfttAIOI** £gSK= QIOIEWeiTll 




KM 

Ai ^aaoisTui'^r^lHiraiir oTSbiS "eiscT " Wasroi rs£jwiz v «ss«£« alii 




^Sxl S 3 5*101 4'AIEI^ gtJTISg-S 




01 3»a£^ fcQS 3B0| 

151 £71 [4]2| £^ 3 S-XICHJ 2tfH £A|E|^ StPIA&ujOI 2ACHAI, saSJOI^I- 3 ^2j akto 

-<B. n * a 




[6] A|g£ ggJSOPh 30iS r«H 01 DM 5*}Sr= CH217H2J ij}g-2J §•{§ 3EA^h^ £3. 5 




2|*H «A|£|^ 3t0|*ttB. COAi, rfil ZfS B«A|0I2 ^SSSEM ^OiS 10% OltNS Uh7| 
Ai = l'^AI-01^21- i®§rg*E2J g^g. LfEj-LH^ E 4 Si t/SS0|2J H|£F SE&lizSl a 

01 CHI 2j*h ^ilii UERH = 35H^ E 50AAI SH90I°| HI7f *!CHE 3HH OI&OIAI »£S °^CK 
0I2J &0L 433B|£| CH^Til *WX|0| 2|*| A| n£| BBtJO. 

[7] #71 [I] 9! [5]1 a«7l*»B S! ittUSfl. 

[8] AIS1 491 [1] 5! [5121 ^SOil 2ji5H StJ"7tl*# fiRIV ^CHI 3^ 1^2J W XI El 01 EM CP-Eh 
^§2J §1^1 <y§^Hl, 01 gt^2| ^1x10)1 5AHI-0I iAf£|£^ MM [6]HJ fti-gOfl 2]*H 




72| l/e(e^ AF2EH42J UJGf : 



tt^AL S^ISOIIAI SAReg 11' Oil SAI-^ 5 AIDSES S3^^E12J g0| Zgj ^BISS 
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2J s^ztOI arcsin(sine/n)2J 21M HBIsl-a, exp((-2Z/r )cos(arcsin(sine/n))E>^ £30)|A) ZhilSF 
Til =!Q. QSOfl. E 301 SAItJ- Um ^01 AlSISOfl £KDI SAReS BAWIl H 2EAf 

DOI AISLH¥2J StrtH 2JoH AISISS^SS tt&S g2J2J gi|]Z*£S 2?i na*K 

Q. 3 aaeiflZffl! CH*i- §t?2J Sjg^&SSjl o, SAHISEl I, 2AHf2J S||0|tt| 2SSAFZI 



HSoHAI Oim'901 UEHil 4> SiQ. ' ' ' - — - ■ . °- 

.S'-7'/ '/;v / a cxpr-(2Z/l "Xl + ^(cos(arcsin(sin0//r).)})l 
Aiaaasi amx i a x2cm ch*> eiMt z^zj- ni , n2, sssoim aw n. r2, zaikisi z*zi 

I), 12, *§£IS tfgfif&El SI, S2, 5JMi.^B9S|a Zf2f ol, o2, SAHI-^afsa ZfZf 
Til, Ti2, 3I*S ZfZf Tsl, Ts2S ol-S 0ISI-2I ijOl «Hfc*Q. 

.Sl-7>1 /Ivl /I crl exp[-(2^/l 1X1 1 I/{ cos(arcsin<;sinOtol ))})] 

S2—/Y2 1x2 12 <sl exp[-(2^ : 12)(l " l/{ cos(arcsin(sin0/n2 )>})] 
9. rl> r2£ tfQ. *i 40JIA1 

Z=C1 \n[ CI (S1/S2) (o2/ol)] 

B, OHi C2^ &X|§4:2f AIS2J I^§4=3 OI^CHXIH, 0|S^ i§2J2!Q. 

CI = 1 /[ (2/r2)( 1 + I / { cos(arcsin( sitie//72)) } ) 
-(2/ri)(l i l/{cos(arcsm(sin0//7l))))l 

C2 = (72//l)-(7i2 Ts2ITi\ Tsl) 

CI » C2^ (S1/S2) (o2/o»)t ST 4= SiSS Z^h ^*ISD. 

«jjA^S1/^ flS:a£2| UI^Ai 439HAI ^tH2Q. 0121011 CHSHA1 o2/o1# »Bff 01 

ol a <>2= It.^ SX^^CHiAl Mie#SK)IS(WM 13, M.g, e.U = *i, U*^ (£?miCH*l 
§5, 1973^) PP. 902-971) SI g^OHflSOII 2!01A|2| tt&OIS (Peter Chylek Tci, Journal Optical 
Society. Of America Xfl673 pp.561 —563011 71 XI] £| 01 Ol^m AI-goHAI ^EIH^, °2 SXR371I 
gjEIOI CHoH tfSttQ. ^2^^ s»S20lr20ILH(HI SXHofe £13: LESION 

CHoH HS^Q. r1> > r27[- £Uoh= 3°, 01 SIS 2 01 Oil 2|£J- S"±l2JXfe IS EIH S"±l^ ?A| 
¥ 4 2JiL^r3, UrS ^ 2HJ £fSM» 291^ 3iJ2| S0l£|x|^.Z <r2£j °^A| 

7171 [DisoiD. oi *mm oishh si^ss 7i^ck 

W!M IQKOILH^J SIJES 31=^1 ^I^H d±S£S12J SOIOil °J*j- 01 h: S£ 

OICHO^ ^Al# UBI^Q. ^Xi|2J ^I^OilAl^ 0.1 Am 01^2 CH^MOPI [III 

(Rayleigh)^£MA1 ^> £ 4^ S»^20l UrSSQ #M5| ^12 a^Sli+&S^oi g 

^Oil SJOiAl^ ^CHSXrSIS^I- ^CH^^£S| EAItl 2J0|[lr. B»^3»^SBE^ 10X01 

LH0I7I ^|5BA1= tt&m&S. fll^SSEM 50% 0|LH^ W Ifi^f 2!# » * SQ(£9S0II Ol m\ 
1 5^15 LIEfLHSCr). r2 OILHCHIAH Sf^ ^SSIOil CHoHAl SOIOil ^tl &±|gOI 50% 01 

oK^, 0.5 01 £0 01 71 £ 5011 Ai ^CHSD. 01 a. z=r2 ^ [H°J 

fllAI ^CHAI^ ^71IM HEH^-tm 20ICK SES^Oil Sr4 K i^ UEftf Hr2r ffOI 0.5 012 

0171 $\MM= r\/r2> 3£S ^Cfe 21^^^ SQ. £ 6g ^EI5H^^ *JgS0|2J Er§2| 
"Handbook Of Optical Constants Of Solids" (198M, Or?HHI^Bilri:Ar) OilE?JH O.nflE^I & 
2Ji pp. 547-011 WEIGH Si^ C1IOIEF01I [[>£FAi HfiHESr^ 2J0IQ. 01 ES01|A1^ 4= Hr2h &0L 
532nm2h lLr& 81Chm2J AfgtT 3^, SaSOH H\~ 100IH 27 1 SI^AI 

71 H SiCK EIISEI^g^ §° o2/o1S ^tT2J ^A^gOli 2J^W 2,^^ t|H, Q^2| 

LFEfd Hl-fih ^"01 ^ArErS"01IEl" ^Et^ SCf. 

a2/ol = (A/1/A2) 4 
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*I3 *j 50il fflgefe 2!Dil 2J$H *! 571- 0IS«F gOI gJCK 

Z = Cl 1« (S1AS2) + CO 

EN CO? cm UEH-H^ HI-SI- 301 §»S*£ SQ. 

CO = Cl 1«[C2 (X1A2) 4 ] 

a. gjxhsjg ds sioi & em mentor &3kmai oism irai ub i j 4 21a. 

1/7 (<f) = (1/6) 1/7 (SI) + C3 

B, C3S a.121 3#2fE2|- 2A^££| 2J4SAI 3X13 401 Q. 

MEW, i| 9011 CDS* WWII. gJA>Sjg?m2 a, t|0| HtStiO. OISJEI 

CZ(Czochralski : 2!^a)4IEI=Sil0liaSD|| 4^882! S3(6rowHn)§*>l =§SHI Zl 

s. ^§ sot ^ais ax^Dig^g aioi^m sraim, a g^sj iis^ssi §*j-AK)i*g chsai 
a sxiS4=i §§*h:k oi [«§§ *j*»oi3, m oi$ §71*1:2.5 as?#°j mei^uss a^gjxi 

21 £CH9££Sft MISSIS gQ, 

E 2£ SeH7l#2| BS7H§f£, 

s 3g D-y&oii 21*1- -it^s§2j aen ^ss^i sg, 

£ 4= fell) S a}*! 3 21 ^CHi!^&&£2| Sh?)|M EA|*J- £3. 

£ diSE S12| 2010)1 2|*^ 3±I121 M/r22| £A|£J £2, 

£ 6g gEI5££2| S°J20|2| £A|£i £3, 

£ 7£ CZ§ ££IS?J|0lifl2| aS0IIA1 SOI 0.WRI2I 3g3t>2) 9LHME2J gm\W £AI*J £3, 

£ CZ^ ^EI=?JIOIIHMA) 33S 3§1*>2) S^ggif £AI*J- £2, 

£ 9= OSfflaj^Sf =))||71 0.1/^21 0.3^2! ?JI0|ffl2J 3§g^2J 20|9|x|M5M EAISJ- £3, 

£ 10^ AieS||0|Iiia301| QJ=f ;£3j£JAl°J 2°2| 2A1 a 331,^71121 01IM EAI&- £3, 

e n.s Aigsnoimasoi ch^ 4=2iejAi3 §°2j ^ai a 3gn*wii2i. £ zm ohm eai?> es. 

B BTSa QH_^A|*ffl SSSK7I ?1SL gA|01|21 ^2E£J E 11 AlgsHAI flSfiLth A|3= tfEl 
*«IOIldSA|. alg- 810hm2| ffStiaoiHS a HIS 532nrn2| YAG£llOIX|21 »|2*1 251KSH6)M 1/2H13 
5(26), (27)011 2JSHA1 B^EiflSSaOliiiaSOil CHSJ- Slf&tm pSII-££ Oils 2|2>- eiil 

(2), (3)011 2|5B @"1 SttSttKQ. 0121(17), (1?m 71*1 3!£(4), (4'JOIAI S1WHZ. tfEI»S|OilH 
(IW 2ARJO. 01 g^. AIM21 *AHM CC1E1 AlZ^^g K1& 532nm7^ El§ 810h«aP- S?A1 StfOO 
2AKIES S.M9\t.m 2A*H^3(2f 5Am)2| ^HHS£2| TIEIE^ *IAI ?1I*^Q. 1^2| 

uiS 532nia if&W S"E<i'H(S2)71 g2J2| S703r(S2»)S §?0il3 alS 532nnfil 

al§ 8IOnro2| o* jfflXISlE^ «>Q. g3B2f(S2 m )^ SlIOIIHaSOIAI i^Sl^ Ahstg ^£tn 

§01 AjSSAl 2SEIXI Sf-E^ SStJ-Q. 

f SOU CH*J- 5A1S2I ^AlOfl^ 880lffl^»aS| m^^Af-21- ^10Q.m"2| 0|iS^2) ^A12J Z>m°i £ c 71 
¥2 ^?AlSE0i| 2|SH 711 =M fe'tStlQ. 



MS^ 01 J^S^® 2 ' AlgSBOIEISOfl S*^|= ^±^Sg(Si02SA"l)U 201 gS| § 

x a D ^9 h §t.^S¥E|2| il^lK5)l CHM?H2(I5)M AfStlAI alS 
f £ g 1EU6), (6-) a SE1(7), (8)011 2I5HA1 810nm21 532nm2| ITS Seielil, a|5(18), (19)011 
2loH 2,^ H3§7|(9), (10)011 2)5H ID3BS S»ttO. 3#d!S- 2& V= 




tii^s ^^Som, gsHHiAi i+gMroi grssj- ^^21 5ia(R,©)g tfsa SEtsaa «m 3seki6)oii 
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W\MS!Q. 

£» a an wara, a or* s?isi2s.ia^i m^mk IseSra again "si« «oib 
eg mafls! BwavsAi. ssoi ihwoia, &ses2i mHfl*I bw he« 4iisi °£ 

5«S £ Pa 01 ES0U1 30191X1711*01 ^httJ 0.5n 0ILH2! 3ll ST V»3. CMS 

f t %^9- m%B ?4IO|iH5S£| £0|£ 23!AI(EA|5WI Sfg)g CH#gJ2 3^is5f D|i 

asu. _|^M2E£| ?|||0J 2|^A1 1 gJOia atWSOIAI §!oK= a«a d^JBAI 3 flxioi 2AIH0I 
2AI-EIE§ ^Al-gj E£ A gg O g^D. §t, h ^g^E12J ?MH|EK50)M 21*11 2ittS 5hV 

SJoT sit^aSSSaaSS awHao,E ™ B * ma tf&sssow aomxist 

f£l2J JEA^EHOfl A|g2| ^AHHI OKI- Al^SJ^g ufg- $\0m?\ W& 532nmSQ 1*>CHI 2. 

A HE* SAWS 9 -HHi!E 015LWI 5BA1 Tfl^HE #D. 0? 1 4™ eF§ BIDhET 8» 

«r 2fEd2(S1)0i a 2| S| a?Ha(S1 m )e iS^ g°Ofl m& 53a,m2F ahg- BlOrwfil Sf SsS HWtS. 

S US 01 §?21 201*1*1 a i§*= 4 SJ^ IlfS- 532nm2| sISSOl 0|LH2| 20l°g uF 

3 53aim£| 2KE4JSS22I 201 S2|£J 37fla(S2«)aQ 8 Z» " »fe QIOIEMHI CMI^SSOI*! 

&^|2J 5 A^ EH (HI SiCHAI, SJAHfg gOILH^I 54oH S!3(4)gAJ Sl^^gSiM AfS^BAI mg*h Hicm 
5A}oh3, 3 Sg*f 5AhS^^g^E12| ^Bj-lfft 2ggh^ ^2S7I^AH IHPHiniaaTis X\W 

^EI5?J|0lffl ^*8«SAI SJ2JS0I2I 3BH 01^ DM £AH»§2| ZW» CHSH E 6S §-3Sh°i 
(Xl = 352nm S U= 3B0mnfia §■!}§) , (Xl = 442nm S! X.2 = 500ninea Sah§), U1 = 488nm 
T4^f^Sf Has?? 5 ' ( -l^. 5, i™^' XZ ' 620nmaa - SIDS). (»•' " 532nm S xl = 650«HD 





SMS 3go}3 e, e iiwi eaisj- um aoi. i^s^s ai^f ^a^# sieishe =d. 

OIS SStJ- UfSh BOL B ^SOfl 21^13 4'EI59JI0liilS2| l§lt,^l#OII SI 01 A) , ltf2| a»S|3M 

^L-P'MlSf 7J|^3h 1JHEW2I ^§HHI 2|^ ax^SJj^ S0I9I 
^rHoMI or^Lf. 

1 

^IKS^L^^ g§s^3S¥Ei2i a^im Tii *»e ^oii 2j^h as avail 

^5i?\JH 01 l'S- Sf = Sfe O 1217 ^ ElS2j 4fe»B£* ©Sag 3#5}3, 0iei7H2| D»Ii^"§2| 
lJifS2| Atgrlf &E.d2(gEI71i!2)7h ig^ep- S 23:71 g§£|2Jg OB 4^1 Eg^ja ipw 
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Mmm sioiai. 



3 

aura sojai. 



12 SllflfelSl^ 27 ^ m§£J «»3=« AIS*!* tf* 1^2| 201*1x11 SESSfe 



4 

XIZtHM HOW. 

a^t/ 5 

Hdttto 2!CHA1, 
6 

•lotKHI 2KHAI. 

iHM, aa 03a eeres* «ssi« s«>a aoi«a» Sisi? as iass «ss» 

7 

ivjinmw mtrnn. &j\ zt Ergon aowsi 3*1*1321 »£«s2i SISm X»h* aft 

sai K a iii mas mfim.%m% | ™ ^ 



3SL*S HI32S AlIfHAl §*7°| ' AWizff ESSKs ^SSS *fe B«?AW 
8 

aCHAI, 

9 

$2 '5Sf SSJP 321 1101 ^ 5Aft ^ SS20W SJOiE 3UH 012 Cr€ 2E^2| #°J 51 USHilL 
or— s '6. /II ** =>S . 

10 

^JSJ^EL ^S2J I§lt£^E1^ tfgflfi 7fl=5fe 2CHI 2|*| £71 S3Stt3ft* 

233 Jai^-i' sit a*3Sfflj a H * 1 ?WB -=^° S2J s»2i 7«=i 
a i own aa/d. 
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S^S 12 

AISOJ f 4Q£ S£g SS20I7F itffe 01 El 7H 21 S3 OtEiPH°] 

^2J Eh§2J ^# AI£Oj| Zkm*= 49-., 

OJE17H2J ^§2J ifflS-SJ tfSS S-£i!2(MEI7liJ^)^ ±S2J g7|l2tfiQ 3 Ai^g g«Eia 

1 MOiET #71 MEI^ai^I^oj go. 2 o| S p. §sgoi7F a fi*&»lf£& 71 2| 

49", 

#71. 7135! Oil 01 EH AfSoBAi 3*WQI*S S^Sfe 49 3! 
#71 SAIufe 49011 HJoHAi ^#EI£ 3SMI*§«. 

13 

wish™ aoiAi, 

#71 0tEi7H21 itt§2| ^ Hfig El£ 3*MHDI* Ttl^SSSOJ CEfEh -UI9£ 2f lft§2| £j°J2 
0|2| UISOI °H*EIE« ggEfe 2^ mx|o^ g fe 9<KPI4Sttl. 

14 

H124MH aMAI, 

#71 01 El 21 KFSS2J Oih: Z?H2J ft|-52| #§reHJ-£» A*flA| #7| B«j2| SOI^I^IM SMSfe 4 
91 ^7ht? 311 sgog m~ BttHMSfl. 

S^tJ 15 

ai3tMM soial 

#71 0!E^H2J IDS2I BOI 2AHT21 SEiSO!?} ^Oi£ 3HH 0I# DB 2# |i£g 

H124HHI HOIAI. 

^rf^L.Sf^J ff Algol SAfohS 4901 27H2J lKf£| ITS #71 AlfiOfl 2ABKH, aHfflOI7h SS 
^2J ll©2| 3E3S7f Z! ^2J M^f gSda-fiD AI&3|£S SMJ S^EIE^ ^AH^IaIM 

LHxUTil UHA1 490IH, 

miVm §§2J &£Aj2(Eai^Aj2p|. ^goj gflgfSQ a ai^S 2^EI£ 

S [UiOJIEl- #7| ME|7ids:E^2| SB20ISD SS2!OI7i- ZJ i£FS > 2J ^^£2|- B*>a«$|XIV 713 
4=9-01 Sgjaoi7|- fjs 4soj E ^oj A h s^ S-£Aj2:M MSITidSS oHAi 2Eft# ak^ai 
2i H£|o|A1 7|2}oU2, " ~ '" 

^71 27H2] Hk§2| c_r2^^ £ p AFgoHAI #71 ^tJEJ SOI^IxIl ^Bl 7d|*t 

17 

SI 2tHH SJOIAL 

^1^2] H^2J g-1 AlSOil iA^fe 4901 Z?H2i Khg£| £7\ AlSOtl iA^^H, g£JS0|7h Z! ^ 
2] u^2J AhE^ gfHii! »S ^2J Aha^ ifSEdSaa AIZ^£S ^Ai ^EEI£^ iA^?|All 
Oi^UTil ^HAi ^\m~ 49015, 




SIWHAi 7|^3fI2, 

#71 27H^ .jraa L tfSSW£M AI-SoHAi #71 ^*>2| SOI ?| SIS S^ofe 491 ^dlSf S# 
S^tf 18 

AISCHI ^4EI^ IEFS2J g£g g^JS0|7h QFM 01E17H2J ^ 5z 0jEi^2J EFSim 

§ai£hi irg, 

^2J EF§2] H-l AlgOil ^Aiefe 49, 
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